The formation of phycocyanobilin (Fig,. I) , the prosthetic group of the photosynthetic algal biliproteins phycocyanin and allophycocyanin, has been shown to proceed by the classical porphyrin biosynthetic pathway from 5-aminolaevulinate to haem (Troxler, 1972; Brown et al., 1981) . As phycocyanobilin is an open-chain tetrapyrrole with the IXa configuration, its formation from haem must include specific haem cleavage at the a-methene bridge. Two reduction steps are also required. If haern is cleaved directly to bile pigment before reduction, then Idiverdin would be produced as an intermediate in phycocyanobilin synthesis (Fig. I) . If, however, one or both reduction steps occurred before haem cleavage, then biliverdirl would not be an intermediate (Fig. I) .
It has been shown that mesohaem. one possible haem reduction product, whilst not being an intermediate, is subjected to ring cleavage yielding mesobiliverdin IXa (Brown & Holroyd, 1984 [lJC]Biliverdin IXa was obtained by coupled oxidation of labelled rabbit haemoglobin prepared by the incubation of 5-amin0[4-~~CC]laevulinic acid with reticulocyte-rich rabbit blood (Brown et al., 1984) . Immediately before administration, [liC] biliverdin IXa free acid was prepared from the dimethyl ester by alkaline hydrolysis (Brown et al., 1984) .
C . caldariurn, mutant 111-D-2, was cultured as previously VOl. 13 BIOCHEMICAL SOCIETY TRANSACTIONS maximum exposure of greening cells to exogenous biliverdin, the labelled pigment was added directly to the culture medium as soon as greening became visually evident. Illumination was continued until pigment biosynthesis was complete.
Two experiments are reported which have different incubation conditions and purification procedures. Experiment 1 was performed in lOOml of minimal medium at pH 2.0 (Allen, 1959) , containing 3 mg of [14C]biliverdin IXa (sp. radioactivity 11.5 x 10iOd.p.m./mol). After cell disruption, phycocyanobilin was cleaved from trichloroacetic acid precipitated phycocyanin, methylated and purified by t.1.c. (silica-gel G ; chloroform/methyl acetate, 2 : 1 v/v) as previously described (Troxler et al., 1979) . The phycocyanobilin dimethyl ester was then further purified by t.1.c. (silica-gel G ; chloroform/ethyl acetate/cyclohexane, 32:9:4 by vol.). Experiment 2 used 6mg of [14C]biliverdin I X a (s.P. radioactivity 2.16 x 10iOd.p.m./mol) in 200ml of minimal medium buffered to pH 6.0. Before chromophore cleavage, phycocyanin was purified by hydroxylapatite (Brown et al., 1975) and Sephadex (3-200 (Brown et al., 1984) column chromatography. Trichloroacetic acid precipitation and phycocyanobilin purification were as described above.
Phycocyanobilin dimethyl ester was determined spectro-
.cm-') and assayed for radioactivity as previously described (Brown et al., 1981) .
High-pressure liquid chromatography was performed by using a Bio-Rad liquid chromatograph with a reverse-phase column eluted with methanol/water (39 : 11, v/v; Schoch et al., 1978) .
The phycocyanobilin dimethyl ester from experiment 1 was found to have a specific radioactivity of 1.46 x 10iOd.p.m./mol, indicating an incorporation of exogenous biliverdin corresponding to 12.7% of the total phycocyanin formed. Experiment 2 gave a similar result, in which the specific activity of phycocyanobilin dimethyl ester was 0.2 x 101Od.p.m./mol, corresponding to 9.3% of the total phycocyanin arising from added biliverdin.
A major potential problem in these experiments was the difficulty in distinguishing between genuine incorporation and contamination of the product by biliverdin carried through the purification. In experiment I , confirmation of the purity of the product was achieved by analytical t.1.c. (silica-gel G ; heptane/butanone/acetic acid, 10 : 5 : 1 by vol. ; O'Carra, 1975) . This system readily separates phycocyanobilin and biliverdin IXa dimethyl esters. No biliverdin was detected. In experiment 2, high-pressure liquid chromatography of the phycocyanobilin dimethyl ester, prepared as described above, showed no contamination by biliverdin under conditions where 1% biliverdin impurity would have been detected.
These results confirm recent studies (Kost & Benedikt, 1982; Beal & Cornejo, 1983; Brown & Holroyd, 1984) 
